Objective. To determine the costs and cost reductions of an innovative strategy aimed at improving test ordering routines of primary care physicians, compared with a traditional strategy.
In times of limited resources for health care, it is necessary to evaluate not only the cost-effectiveness of new treatments or procedures for patient care, but also the cost-effectiveness of new strategies to improve the quality of health care delivery. Economic evaluations of interventions aimed at changing the behavior of primary care physicians assess the balance between benefits attained and resources needed [1] [2] [3] [4] . Many strategies have been developed to improve test ordering behavior of primary care physicians, because the numbers of tests ordered are growing in many countries, even though established guidelines regard many of these tests as unnecessary [5, 6] . Rigorous studies of the effects of strategies such as educational materials, reminders, feedback, small group quality meetings, and financial incentives have so far produced heterogeneous results [7] [8] [9] . A few studies investigating costs have also yielded contradictory outcomes [10] [11] [12] [13] [14] [15] . We initiated an economic evaluation study to evaluate the costs and the effects of a strategy that combines a traditional feedback strategy with a multifaceted strategy, including feedback, dissemination of and group education on evidence-based guidelines, and small group quality improvement meetings in a local primary care physicians group, using social influence as an important motivator for change [16, 17] . A genuine effect of this innovative, multifaceted strategy has been observed and presented elsewhere [18] .
The present paper provides a method for cost analyses of such quality improvement strategies, and compares the costs and cost reductions of the new strategy with one of its elements, 'classic' feedback, to assess whether implementation of the innovative test ordering quality strategy on a national scale would be worthwhile, depending not only on its effectiveness, but also on the costs involved and the savings achieved.
Methods

Setting
The strategy was applied in five regions of The Netherlands with a diagnostic center, which is an institute, usually associated with a hospital, where primary care physicians can order tests without referring patients to the hospital. Our strategy aimed at local primary care physicians groups, an existing infrastructure of Dutch primary care physicians collaborating in a specific region. These groups share patient care outside office hours and many of them also engage as a group in small group quality improvement activities, e.g. prescription quality circles. Local groups with a link to one of these five diagnostic centers were eligible for the study. The medical coordinator of the diagnostic center provided the test ordering data needed, distributed the feedback reports, and supervised the small group quality improvement meetings.
Design and measurements
The new strategy was tested in a multicenter, randomized controlled trial, with randomization at local primary care physicians group level. The original complete design consisted of three arms. Two of the original three arms will be reported in this paper: one of the complete intervention arms (complete intervention arm), also reported in JAMA [18] , and the control arm groups that only received feedback (feedback arm).
Numbers of tests ordered were assessed over a period of 6 months before the intervention (the baseline period) and a period of 6 months after the intervention (the follow-up period). The 6-month intervention took place in 1999. Participating local groups were randomized centrally, and stratified by the size of the local group and the region in order to spread the workload of the medical coordinators of the diagnostic center.
Intervention
The complete intervention consisted of the following elements: a graphical feedback report including a comparison of personal test ordering data with those of colleagues, dissemination of and group education on national, evidencebased guidelines, and quality improvement meetings in small groups. The improvement strategy concentrated on three specific clinical subjects (cardiovascular topics, upper abdominal complaints, and lower abdominal complaints), and the laboratory, imaging, and function tests used for these clinical problems. Table 1 describes the clinical problems and the associated laboratory, imaging, and function tests that were included in the experiment. Each report was followed by a standardized small group quality improvement meeting, at which the feedback data relating to one of the clinical problems and the guidelines were discussed. At the end of the session concrete plans for change, both at individual and local primary care physicians group level, were established.
Effect measures and measuring instruments
Measuring costs. All costs of producing the feedback reports and organizing the small group quality meetings were calculated. Costs were divided into the following categories:
1. Running costs 1.1. Costs of the feedback reports. Staff members of the diagnostic centers extracted and edited the data. The production costs partially depended on the number of primary care physicians who participated; more physicians Since each meeting lasted 1.5 hours, and we assumed half an hour for preparation and travelling, one meeting took 2 hours of the primary care physician's time. Physician fees were derived from the Dutch Government's annual care review. Total national expenditure for curative primary care physician care in 1998 was €1 023 227 100, which corresponds to an hourly rate of €77. These costs were opportunity costs; in the time the physician attended the meetings, he/she could not 'produce' other work.
2. Development costs. These costs covered activities for the continuation of the project, e.g. administration, organization, and the development and updating of concise guideline information. A software company developed software for the production of the feedback reports, and their costs were included as well.
3. Research costs. Scientific development of the strategy, expert meetings, the financial compensation physicians received for participating in this study with related activities, e.g. completing evaluation forms, and working up the questionnaires and evaluation forms were counted as research activities with related costs.
Registration forms measuring the time needed to extract data and to produce and send feedback reports were completed by the staff members. Costs were then calculated on the basis of the salary scales of staff members at the diagnostic center and the research department.
Measuring cost reductions. Cost reductions were calculated using existing standard tariffs per test (Table 1) . In The Netherlands, costs of laboratory tests are reimbursed according to standard prices for tests. Reimbursement for imaging and function tests includes hospital costs and specialists' fees. Cost reductions were determined by assessing the mean difference in the costs of tests ordered per primary care physician and per 6 months between the follow-up period and the baseline period, and comparing this difference between the two arms. Cost reductions of laboratory tests were analyzed separately, because although they are a minor part of the cost reductions, they constitute the great majority of tests.
Consistent with the national, evidence-based test-ordering guidelines, which have limited indication for ordering tests for the three clinical problems included in the study, combined with the well known effect that overuse occurs, a decrease in the number of tests was considered to represent improved patient care.
Analysis
Costs of the intervention and the feedback strategy were calculated per primary care physician per 6 months. Since the unit of randomization was the local primary care physicians group, the unit of analysis also had to be the local primary care physicians group. Therefore, multilevel analyses were applied to evaluate whether the local primary care physicians groups were important determinants of the effects of the intervention. A three-level model was used, with the primary care physicians group as level 3, the primary care physicians as level 2, and the numbers of tests as level 1. This model was analyzed using SAS PROC MIXED. Multilevel baseline analyses showed that analyses could be performed without the local primary care physicians groups. All effects were analyzed with analyses of covariance using the costs of tests during the follow-up period as the dependent variable and the costs of tests at baseline and the region, which appeared to be an important determinant, as independent variables. A sensitivity analysis was performed by varying the inclusion of the various cost categories and cost reductions.
Results
A total of 38 local primary care physicians groups were invited by open recruitment to take part in this trial. Twenty-seven local groups with 194 physicians immediately expressed their willingness to participate. After randomization, the complete intervention arm included 13 local primary care physicians groups and the feedback arm included 14. Figure 1 illustrates the study design and shows that follow-up data were unavailable for 20 physicians. Table 2 shows that there were no differences in individual characteristics between the two arms. There was a large, but statistically not significant difference in numbers and costs of laboratory tests and all tests ordered per primary care physician between the two arms at baseline. Table 3 shows the total costs of the intervention. Concerning the running costs of the strategy, the cost of one feedback report per primary care physicians was €5.70. The costs per physician per quality meeting were €25.20 for 4.25 hours of coordination time, including secretarial, preparation, meeting, and travelling time. The opportunity cost of the physicians' time spent attending the meetings was 2 hours × €77 = €154 per physician per meeting. With respect to the development costs, guidelines were only used in the complete intervention arm and costs were €4 per primary care physician. The total cost of the intervention was €65 998: €702 per physician per 6 months for the complete intervention arm and €58 per physician per 6 months for the feedback arm. If only part of the running costs are counted (the opportunity costs of primary care physicians for the time spent on the quality meetings are excluded), the total running costs amount to €92.70 per physician for the complete intervention arm, and €17.10 per physician for the feedback arm per 6 months. Table 4 shows that the costs of laboratory tests, as well as all tests, decreased in both arms, but significantly more so in the complete intervention arm than in the feedback arm. The total cost reduction in the complete intervention arm per primary care physician per 6 months was €144 more than in the feedback arm. Table 5 shows the results of a sensitivity analysis. When including opportunity costs for primary care physicians' attending time, the costs for the complete intervention arm exceeded the cost reductions. The cost reductions of the complete intervention arm exceeded the costs, with €208.30 (€301 -€92.70) per physician per 6 months, with only part of the running costs included (excluding the opportunity costs). The cost reductions of the feedback arm were larger than its costs for all cost categories, and introducing the feedback strategy would save €143.90 (€161 -€17.10) per physician per 6 months when including only running costs.
Costs of the strategy and cost reductions in test ordering
Discussion
The present paper evaluates the costs and cost reductions of an innovative strategy to improve primary care physicians' test ordering, involving feedback, education on guidelines, peer interaction, and social influence, by comparing it with a traditional approach involving only the provision of feedback. Total practice population for whom the primary care physician is responsible. 5 Working time factor, full time = 100% = 5 days; each half day = 10%. The mean of the study population per arm is given in the A discounting rate of 5 years has been used as it is assumed that this is the most likely depreciation period, especially as 5 years will be the maximum time horizon for decision makers for investing in these types of innovations.
Type of costs The new strategy improved test ordering more substantially and consistently, and, besides the favorable clinical effects, appeared to bring about more cost reduction than feedback alone when not counting the opportunity costs [18] [19] [20] . Introducing this effective strategy in The Netherlands, with its ∼7100 practicing primary care physicians, would then save €1 478 930 (7100 × €208.30) in the first 6 months. There are some methodological aspects of our study that need to be considered. Unfortunately, clinical outcome data were not available, and outcome measures were data on costs of tests ordered; therefore, the quality of the test ordering could not be measured. In general, the focus of our intervention was on a decrease in the volume of tests, in accordance with the national evidence-based guidelines. This means that there was a potential danger of the intervention resulting in the underuse of tests. However, the physicians discussed their feedback data, and if it appeared that a physician clearly ordered fewer tests than his/her colleagues, he/she made plans for ordering more tests. Moreover, there is empirical evidence that a general reduction in test use in primary care does not lead to more referrals or substitution of care [21] .
Running costs
Concerning cost reductions, a reduction in the number of laboratory tests ordered does not always influence laboratory costs; for example, a diagnostic apparatus performing fewer tests costs the same amount of money, and only a large reduction can mean that fewer laboratory staff are needed. We could not include such potential cost reductions. For instance, not performing a redundant test also implies that a patient does not have to take time off work. More importantly, we were unable to assess the cost reductions achieved by not performing tests that would result in false-positive findings. Such test results may lead to a cascade of further testing, or inappropriate treatment or referrals, and as a result of better diagnosing patients costs are saved in the long run. The limited time frame of the study prevented us from studying these effects, since patients included in our study would have needed to be monitored for several years. Finally, for the same reason we were unable to assess possible learning effects, which could mean that quality activities may become less time-consuming over time, even if the approach is directed to other clinical problems.
Our study deals with some interesting and important topics for costs analyses of quality improvement studies. As in many quality improvement studies, only intermediate effect measures instead of patient outcome measures were available. These kinds of cost analyses can be seen as cost minimization analyses, since, by applying evidence-based test ordering guidelines, negative effects on patient' outcome are not expected in the quality strategy [22] . The analyses were done from a societal perspective, but the perspective of the primary care physicians involved may also be important. Further, we focused on the costs and cost reductions, expressed in monetary units, but with our new strategy we may also expect nonmonetary benefits related to the strategy, such as improvement of the physicians' clinical knowledge and job satisfaction. Of course it is difficult to quantify these important benefits in such a cost analysis. There is some empirical evidence that participating in such quality improvement activities may increase job satisfaction [23, 24] . Moreover, we calculated the opportunity costs for the time spent by the physicians in attending the quality meetings, and in our study these costs were found Table 4 Effects of the strategy by analysis of covariance adjusted for costs of numbers of tests at baseline and for the region on the mean costs in € (SD) of laboratory and all tests ordered per primary care physician per 6 months SD, standard deviation; SE, standard error; CI, confidence interval. β = intervention effect = (total change between baseline and follow-up in mean costs of tests in the intervention group) -(total change in mean costs of tests in the control group). ................................................................................................................................................................................................................ €301.00 €161.00
to be the largest cost type. Activities, among them educational and quality ones, compete with each other for available time. In general, these opportunity costs should be included because they weigh (in monetary units) the time needed for conducting the activities considered in this study, and also the time that is no longer available for other activities, which is why they are named opportunity costs. Furthermore, it was found to be difficult to differentiate between development and research costs, and we decided to define only the costs of the expert meetings and the scientific effect evaluations, including the compensation for the research activities of participating physicians, as research costs. Nevertheless, it is debatable whether these costs have to be accounted for, and researchers have to state their choice explicitly. In cost analysis research, such costs are usually excluded, and it is debatable how to handle development costs because some of these costs will be necessary when implementing a strategy on a broader scale. In conclusion, we evaluated costs and cost reductions of our strategy without counting the research and development costs. However, including the development costs in our sensitivity analysis did not change the results. Surprisingly, cost effects have usually not been evaluated in quality improvement studies, perhaps because, as was mentioned above, many problems can be expected [25] . Recently, Mason et al. provided a framework for exploring the economics of improving quality of care by means of influencing physicians' behavior, using clinical outcome data at the patient level [26] . The present paper provides a method for cost analyses of quality improvement strategies, where it is difficult or even impossible to perform a real cost-effectiveness study due to lack of clinical data.
In conclusion, in The Netherlands, the innovative test ordering strategy reveals considerable cost reductions in the first 6 months when not counting the opportunity costs for the time spent by primary care physicians. Because, contrary to the feedback strategy, non-monetary benefits can also be expected, we suggest that primary care physicians organizations encourage primary care physicians to participate in this new strategy.
